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With the development of science and technology, facial reconstruction based on
human skull is integrated by many disciplines, and has been continuously evolving
and developing. To protect the original skull from any damaging, skulls are usually
transformed into digital data by 3D scanner and stored in computers as triangle mesh.
Skulls are sometimes fragmented; facial regions with rich geometric information could
be fragile and contain holes and intersections. Fragments-assembling and hole-filling
are the essence and premise for further facial reconstruction. And 3D modeling and
repairing are important researching topics in computer graphics and the focus of this
thesis.
This thesis discusses half-edge data structure and the representation of skull data
in computer. The concept of Laplace operator on surface and the discretization method
are introduced. We introduced the heat operator and heat kernels. And the application
of RANSAC in skull completion are also concluded.
For partial matching of the skull fragments, this thesis develops a shape descriptor
based heat kernels for skull assembling and discusses why such a descriptor is ideal
for this reassembly task. Fragments are matched with a complete template skull to
find their spatial relationship with other sub-patches. A heat diffusion analysis based
feature extraction is proposed to improved the Skull assembling efficiency. A reliable
partial matching based on the heat kernel signature is proposed, so that fragments can
be reliably assembled.
This thesis presents a complete pipeline for skull fragments assembling and data
completion. The entire assembly pipeline has three steps: (1) fragment-template match-
ing based on heat-kernel; (2) matching refinement based on RANSAC and assembly
computation; (3) assembly refinement using least square transformation error (LSTE)
of break-curves. we further employs a data completion algorithm based on symmetry
and template, which is used to repair the holes and intersections on the skull model.
In this project, we develop a digital skull modeling system for analyzing and pro-
cessing skull data. The system is implemented in C++ with OpenGL libraries. Exper-
imental results are demonstrated and visualized. We compare each step of our com-
pletion pipeline with existing methods to show our advantages. Finally, the thesis is
concluded by discussing future research directions for potential improvements.
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